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Abstract     Quantifying relative affinities of Po and Pb in different populations of marine particulate matter is of 
great importance in utilizing 210Po as a tracer for carbon cycling.  We collected and analyzed water samples for the 
concentrations of dissolved and total 210Po and 210Pb from the upper 600 m of the water column at Bermuda Time-
series Study site (September 1999 to September 2000) to investigate their seasonality of concentrations and their ac-
tivity ratio (210Po/210Pb activity ratio, AR). Sinking particles collected in sediment traps at depths of 500 m, 1500 m, 
and 3200 m from the Oceanic Flux Program (OFP) time-series sediment traps were analyzed over a period of 12 
months (May 1999 to May 2000). The objective was to compare the deficiencies of 210Po with respect to 210Pb in the 
water column to that measured in the sediment traps and to assess the relative affinities of Po and Pb with different 
particle pools.  
Inventories of 210Po in the upper 500 m water column varied by a factor of 2, indicating seasonal variations of 
particulate flux dominated the removal of 210Po.  The 210Po/210Pb ARs in the dissolved phase were generally less than 
the secular equilibrium value (1.0) in the upper 600 m, while were generally greater than 1.0 in the particulate phase, 
indicating higher removal rates of 210Po relative to 210Pb by particulate matter. The measured fluxes of 210Po and 210Pb 
in the 500 m, 1500 m, and 3200 m traps increased with depth, while the 210Po/210Pb ARs decreased with depth except 
from May-August 1999. From the measured fluxes of 210Po and 210Pb at these three traps and the concentrations of 
210Po and 210Pb in the water column, this region appears to be a sink for 210Pb which is likely brought-in by lateral 
advection. 
 
 
 
1. INTRODUCTION 
The 210Po/210Pb pair in the 222Rn decay chain can 
provide wealth of information on rates of diverse 
oceanic processes at ocean boundaries integrated 
over time scales of a few days to the mean-life of 
210Po (199.7 days). The pair was extensively 
studied during GEOSECS by several research 
groups (e.g., Cochran et al., 1983; Chung and 
Finkel, 1988) in 1970s and the pair was again 
selected as one of the priority tracers for the 
GEOTRACES program from 2008 onwards with 
the mission of assessing their sources, sinks and 
internal cycling and to characterize the physical, 
chemical and biological processes that regulate 
their distribution, in particular across major 
ocean boundaries (Church et al., 2012). This in-
cludes export fluxes of POC, lithogenic and sul-
fur-group elements from the euphotic zone, rates 
of remineralization of 210Po and other sulfur-
group organic material, residence times and re-
moval rates of Po and Pb and other lithogenic 
and biogenic proxy elements. For example, the 
distribution of particulate and dissolved 210Po and 
210Pb in surface water has aided to constrain the 
new production rates (e.g., Sarin, et al., 1994).  
The concentration of 210Pb in the surface wa-
ters primarily depends temporally and geograph-
ically on the varying inputs of atmospheric depo-
sition and removal on to particles, and secondari-
ly on the redistribution by advection and diffu-
sion. Most of the dissolved 210Po in the upper wa-
ter column is produced during the decay of 210Pb 
via 210Bi ultimately derived from the atmospheric 
fallout and it is usually depleted with respect to 
210Pb because the 210Po/210Pb activity ratio (AR) in 
the atmospheric deposition (both dry and wet 
deposition) is usually < 0.1 (e.g., Hussain et al., 
1998; Sarin et al., 1999; McNeary and Baskaran, 
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! !!!
(A)  September 1999 (B)  December 1999 
!! !!
(C)  January 1999 (D) March 2000 
!! !!
(E)  May 2000 (F) September 2000 
 
Figure 1. Vertical Profiles of activities of 210Po and 210Pb in the water column. The counting errors were less than 10% and 
are not included in the size of the symbol.  
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2007; Church and Sarin, 2008; Baskaran, 
2011). Though the global average of 210Po/210Pb 
AR in precipitation and atmospheric aerosols is < 
0.1, and most of the 210Po in the upper waters are 
derived from the decay of dissolved and particu-
late 210Pb, the areas that are affected by volcanic 
emissions have high amounts of volcanic-
eruption-derived 210Po in the atmosphere (Baska-
ran, 2011).  
Laboratory studies have demonstrated a dis-
tinct biological enrichment of 210Po in phyto-
plankton as enrichment factor is in the order of 
210Po >>210Pb ~ Th> Ra > U (Fisher et al., 1983, 
1987). The fractionation factor calculated from 
the distribution of these nuclides in the water 
column agrees with that reported to be 234Th 
>210Po >210Pb (Shannon et al., 1970; Tsunogai 
and Nozaki, 1971; Kharkar et al., 1976; Heyraud 
and Cherry, 1979; Cochran et al., 1983; Kadko, 
1993). Due to stronger bioaccumulation of Po in 
organic tissues relative to Pb, Po is more effi-
ciently recycled during particle remineralization 
and thus has a longer residence time in the water 
column than Pb (e.g., Stewart et al., 2005).  This 
implies that organic-rich suspended particles in 
the upper water column will tend to have higher 
specific 210Po activity as well as 210Po/210Pb activi-
ty ratios. However, in some regions, the specific 
circulation patterns in a given area can lead to 
total 210Po/210Pb ratios of about unity, for instance 
in the center of gyres or as a consequence of 
upwelling (Nozaki et al., 1976; Thomson and 
Turekian, 1976; Kadko, 1993; Masqué et al., 
2002). The oceanic distribution of 210Po has also 
direct relevance to global biogeochemical cy-
cling of other sulfur group elements (e.g., S, Se, 
and Te) and their utility as a tracer for nitrogen 
fixation (Kim and Church, 2001). 
In deep waters below 1000 m, secular equi-
librium between 210Po and 210Pb (210Po/210Pb AR ~ 
1) was observed in some areas (e.g. North Atlan-
tic: Bacon et al., 1976; South Pacific; Turekian 
and Nozaki, 1980; Central and Eastern Indian 
Ocean: Cochran et al., 1983; Indian Ocean: 
Chung and Finkel, 1988)), however, a large scale 
deficiency of 210Po with respect to 210Pb 
(210Po/210Pb AR < 1) has also been reported in 
various parts of the world ocean (e.g. East China 
and Philippine Sea: Nozaki et al., 1990; Equato-
rial Pacific and Bering Sea: Nozaki et al., 1997; 
Sargasso Sea: Kim and Church, 2001; South 
China Sea: Chung and Wu, 2005; Church et al., 
2012). Sampling and analytical problems with 
the 210Po/210Pb measurements have been reported 
in the past. For example, samples collected from 
1500 to 4000 m off the coast of Peru showed a 
pronounced 210Po deficiency (210Po/210Pb <1, 
Thomson and Turekian, 1976). However, exami-
nation of new set of samples from the same area 
revealed equilibrium (210Po/210Pb ~ 1) and this 
difference was attributed to the loss of Po onto 
the walls of sampling bottles due to storage of 
samples (Turekian and Nozaki, 1980). Mechanis-
tic detail for this deficiency therefore remains 
elusive up to date.  
 
Table 1. Inventories* (dpm m-2) of filtered (f) and unfiltered (uf) 210Po and 210Pb, particulate 210Po (210Pop) and 210Pb (210Pbp) 
and 210Po/210Pb activity ratios in the upper 500 meter water column 
 Date! 210Pof! 210Pouf! 210Pbf! 210Pbuf! (210Po/210Pb)f! 210Pop! 210Pbp! POC!! Inventory! Inventory! Inventory! Inventory! Activity!ratio! (%)! (%)! (mol!mB2)!Sept.!1999! 36236! 51257! NM! NM! B! 29! B! 0.94!!Dec.!1999! 44818! 60889! NM! NM! B! 26! B! 0.64!!Jan.!2000! 29898! 39566! 79945! 85287! 0.37±0.01! 24! 6! 0.55!!March!2000! 30310! 45846! 83305! 90239! 0.36±0.01! 34! 8! B!May!2000! 24391! 31092! 81575! 93272! 0.30±0.01! 22! 13! B!Sept.!2000! 27729! 38819! 106427! 135924! 0.26±0.01! 29! 22! 0.91!!
 
*: The propagated error on the inventories is less than 5% 
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In this article, we report vertical profiles of 
dissolved and total (= particulate + dissolved) 
210Po and 210Pb concentration and 210Po/210Pb ARs 
in the upper 600 m at the Bermuda Time-series 
Study (BATS) site along with their concentra-
tions and ARs in sediment trap samples from 
500m, 1500m and 3200m depths collected con-
currently by the Oceanic Flux Program (OFP). 
The primary goal is to understand the cycling of 
Po and Pb in the upper water column by compar-
ing variations in 210Po and 210Pb concentrations 
and the 210Po/210Pb ARs in the upper water col-
umn with concurrently measured depositional 
fluxes of 210Po and 210Pb in sediment traps at 
500m, 1500m, and 3200m. 
 
2. MATERIALS AND METHODS 
Seawater and sediment trap (500, 1500, and 3200 
m) samples were collected at the BATS site 
(31040’N, 64010’W), located approximately 75 
km southeast of Bermuda in 4500 m water depth. 
Seawater samples were collected bimonthly from 
September 1999 to September 2000 from the sur-
face to ~600 m to obtain high-resolution 210Po-
210Pb profiles. Concurrent to the radionuclide 
sampling, other relevant biogeochemical varia-
bles including nutrients, productivity (14C-based), 
and POC were also measured (nutrients and pri-
mary productivity data can be found at 
http://bats.bios.edu/bats_form_prod.html).  
Sinking flux material collected by the Ocean-
ic Flux Program (OFP) (Conte et al., 2001; 2003) 
over the same time period was also analyzed for 
210Po and 210Pb. The OFP mooring consists of 
three Parflux sediment traps (0.5 m2 surface area) 
deployed at 500, 1500 and 3200 m and pro-
grammed at a nominal two weeks sample inte-
gration period. The trap brine is poisoned with 
ultra-purity mercuric chloride (200 mg/L) to ar-
rest any bacterial activity.  
The analytical procedure for the determina-
tion of 210Po and 210Pb is given in Kim (2001). 
Briefly, ~20 liter water samples were collected in 
collapsible cubitainers and utilized for total 210Po-
210Pb measurements. For the dissolved phase, wa-
ter samples were filtered through 0.45-µm car-
tridge filter using a small pump (JABSCO). The 
filtration was completed within an hour of sam-
pling on board in order to minimize the loss of 
dissolved nuclides by sorption on to the surface 
of the sampling bottles, and possible alteration of 
the particles, such as particle settling and break-
down, although particle integrity was not verified 
separately. The filtered and unfiltered (or total; 
here onwards ‘total’ and ‘unfiltered’ are synon-
ymously used) water samples were acidified to 
pH < 1, and chemical yield tracers (~ 2 dpm of 
209Po, 5 mg of Pb) and Fe3+ carriers were added. 
The spikes and carriers were allowed to equili-
brate and the pH was adjusted to ~7 using 
NH4OH.  After settling for ~4-5 hours, the su-
pernatant was siphoned off and the residual mix-
ture was centrifuged. The precipitate was dis-
solved in 0.5 M HCl. To this solution, 200 mg of 
ascorbic acid was added to reduce Fe3+ to Fe2+. 
After plating, the solution was dried and taken in 
9M HCl. This solution was passed through a 9M 
HCl anion-exchange resin column to quantita-
tively separate the Pb from the Po. An aliquot of 
the separated solution was utilized to measure 
stable Pb for the chemical yield of Pb (Baskaran 
et al., 2009). The in-situ 210Po was processed 
within two weeks after sample collection. The 
plated solution was stored for 1-2 years and 
again 210Po was re-plated to assay the in-situ 210Pb. 
The in-growth (in-growth factor for the determi-
nation of 210Pb from the assay of in-grown 210Po, 
and contribution of 210Po from the decay of 210Pb 
from the time of collection to first plating) and 
decay corrections for 210Po and 210Pb were appro-
priately applied, as detailed in Baskaran et al. 
(2012, in review). An aliquot of the sediment 
trap material was digested with conc. HF-HNO3-
HCl with the addition of ~ 2 dpm of 209Po and 5 
mg of stable Pb. The digested solution was even-
tually converted to HCl medium and the pH was 
adjusted to ~2 using NH4OH and subsequently 
plated on to Ag disks, and the rest of the proce-
dure is the same as outlined above. All the anal-
yses of the samples were completed by 2002. 
Particulate 210Po and 210Pb concentrations were 
calculated by subtracting the filtered sample ac-
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tivity concentrations from their corresponding 
unfiltered sample activity concentrations and 
their measurement errors were propagated. 
 
3. RESULTS AND DISCUSSION 
3.1 Dissolved and total 210Po and 210Pb in the 
water column 
The vertical profiles of dissolved and unfiltered 
(total) 210Po and 210Pb concentrations are plotted 
in Fig. 1 and the data are given in Appendix-I. 
Water column concentrations of dissolved 210Po 
and 210Pb varied seasonally. Total 210Po concen-
trations were generally higher in the upper 100 m 
than in deeper waters (100 – 600 m). Concentra-
tions of dissolved and total 210Po and 210Pb in the 
upper 100m were highest during December (av-
erage values for dissolved 210Po: 12.2 dpm/100L 
in December; 8.4, 7.2, 7.1. and 5.0 dpm/100L in 
September, January, March and May, respective-
ly) (Appendix-I).  Concentrations of dissolved 
210Po at a particular depth only varied by a factor 
of ~2 over the sampling period (e.g., between 6.0 
dpm/100L and 12.2 dpm/100L at 50 m layer), 
while the corresponding 210Pb concentrations var-
ied by less than 10% (e.g., between 17.4 
dpm/100L and 19.0 dpm/100L), indicating that 
the higher 210Po variability is due to variations in 
biogenic activity which preferentially affects the 
Po activity. Total 210Pb activity in the upper 100 
m from January to May remained constant be-
tween 19.2 and 19.8 dpm/100L, indicating rela-
tively uniform atmospheric depositional input of 
210Pb and similar removal rates on to particulate 
matter.  The distinctly higher 210Pb concentration 
in September 2000 is attributed to higher deposi-
tional flux due to higher amounts of precipitation 
and possibly higher atmospheric dust input dur-
ing the summer time.  
The fraction of particulate 210Po was signifi-
cantly higher than that of 210Pb (Fig. 1, Appen-
dix-I). The fraction of particulate 210Po varied 
widely, between 5 and 63%, with generally high-
er percentage in the upper 150m and lower per-
centage below. The fraction of particulate 210Pb 
was lower than that of 210Po and exhibited less 
than 30%. The high fraction of particulate 210Pb 
in May was attributed to higher seasonal dust 
input.  
Seasonal inventories of 210Po and 210Pb in the 
upper 500 m water column for each sampling 
period varied by factor of ~2 for 210Po, from 2.4 x 
104 to 4.5 x 104 dpm m-2 for dissolved 210Po and 
8.0 x 104 to 10.6 x 104 dpm m-2 for dissolved Pb, 
with the highest 210Po values found in December 
(Table 1). The particulate 210Po inventory was a 
factor of two larger than that of 210Pb.  Large var-
iations in the inventories of 210Po are likely due to 
seasonal variations in the biogenic particulate 
matter and its effect on the scavenging of Po. 
The water column inventories of 210Po (both fil-
tered and unfiltered) correlated with 210Pb nega-
tively (figure not shown); however, the invento-
ries of 210Po and 210Pb correlated with the POC 
inventories in the upper 500 m, although the data 
points are very limited (Table 1). 
The 210Po/210Pb ARs in the upper 600 m var-
ied between 0.18 and 0.44 in the dissolved phase 
and 0.17 to 0.71 for the total (Fig. 2). The mean 
210Po/210Pb AR was always higher in the total 
samples compared to the dissolved phase sam-
ples and this is attributed to higher 210Po/210Pb 
ARs in the particulate matter, generally with val-
ues >1.0 (Fig. 2). The mean 210Po/210Pb AR for 
the total samples was higher in January (0.51) 
and March (0.55) than in May (0.39) and Sep-
tember (0.36). The 210Po/210Pb AR for the upper 
500 m (based on the inventories of these nuclides) 
varied between 0.27 and 0.37 in the dissolved 
phase and between 0.29 and 0.51 in the total 
sample (Table 1). The estimated AR for the par-
ticulate fraction varied between 0.2 and 10.7 
(Appendix-I), similar to the earlier results report-
ed by Kim and Church (2001), Buesseler et al. 
(2008), and Stewart et al. (2010). The subsurface 
maximum 210Pop/210Pbp AR was found at 200 m 
and this is likely due to re-adsorption of Po onto 
the biogenic particulate matter (Fig. 2c). The 
steep gradient in 210Pop in the upper 200 m is at-
tributed to the remineralization of biogenic par-
ticulate matter and subsequent release of 210Po to 
the water column.  
High concentration of 210Pb in the upper ~ 
100 m has been widely reported in literature and 
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is attributed to atmospheric depositional input. In 
the present study area, the atmospheric deposi-
tional input of 210Pb is generally derived from the 
North American terrestrial material in the winter, 
as inferred from the atmospheric deposition of 
stable lead (Veron et al., 1993), and from North 
Africa (Sahara) in the summer (Kim, et al., 1999); 
it also could be due to differences in the scaveng-
ing intensity of 210Pb from the water column. 
Higher concentrations of 210Pb in aerosols at 
Bermuda during summer/fall and lower values 
during winter/spring have been reported (Hart-
man, 1987) and thus it is likely that the deposi-
tional fluxes are also higher during these seasons. 
The highest concentrations in the upper 100 m 
was found in December and this is likely due to 
higher depositional fluxes during fall where the 
highest amount of precipitation is also reported 
(in October; http://www.bermuda-
online.org/climateweather.htm). Higher concen-
trations of 210Po and 210Pb in September and De-
cember (Fig.1) could be attributed to higher in-
puts of Saharan dust during the summer months 
(Prospero, 1996). The surface depletion of 210Po 
relative to 210Pb is also attributed to lower 
210Po/210Pb ARs in the precipitation as well as in 
the aerosols deposited onto the sea surface. Alt-
hough the expected 210Po/210Pb ARs in the origi-
nal soils and Saharan dust to be ~1.0, this ratio 
could be significantly altered during the transit 
due to addition of 210Pb from the aerosols that 
contain 210Po/210Pb ARs < 0.1. It has been also 
reported that the atmospheric input of 210Pb to the 
Atlantic Ocean including the Sargasso Sea is 
roughly a factor of two or larger than that for the 
whole of the Pacific Ocean (Cochran et al., 1990) 
3.2. Fluxes of particulate 210Po and 210Pb at 500 
m, 1500 m and 3200 m depth: 
Temporal variation of settling fluxes of particu-
late 210Po, 210Pb and 210Po/210Pb AR at 500, 1500, 
and 3200 m depths from May 1999-May 2000 
are shown in Fig. 3. The average fluxes of mass, 
aluminum, calcium carbonate and organic carbon 
along with settling fluxes of 210Po and 210Pb at 
500, 1500, and 3200m depths are also summa-
rized in Fig. 4.  
The average activities of 210Po and 210Pb in 
the 500 m trap with their standard deviation were 
found to be 265 ± 180 and 543 ± 400 dpm/g and 
their settling fluxes were found to be 5.5 ± 4.8 
and 10.0 ± 9.4 dpm m-2 d-1, respectively (Appen-
dix-II). These 210Po values are approximately an 
order of magnitude lower than that observed at 
150 m depth in the region (109 ± 40 dpm 210Po m-
2 d-1, Stewart et al., 2010; 67 ± 21 dpm 210Po m-2 
d-1, Buesseler et al., 2008), and indicate that >90% 
of the 210Po in the sinking particulate matter is 
remineralized between 150 m and 500 m. At 500 
m depth, there is a strong correlation between 
fluxes of POC and 210Po (R=0.83, P >0.001), 
mass flux and 210Po flux (R=0.54, P>0.05), and 
mass flux and 210Pb flux (R=0.63. P>0.05). The 
210Po and 210Pb fluxes at 500 m depth varied by 
an order of magnitude over the study period and 
they exhibited minimum fluxes during the winter 
months when mass fluxes were low. Peak fluxes 
were observed in July and August 1999 (Appen-
dix-II). The 210Po/210Pb AR of the trap material at 
500 m varied from 0.2 to 2.3 with an average 
value of 0.7 ± 0.5 (calculated from data given in 
Appendix-II). The (210Po/210Pb)p AR in the coastal 
and shelf areas where particle concentrations are 
high, the 210Po/210Pb activity ratio is generally < 
1.0. For example, activity ratios of 1.3 and 1.3-
2.4 were reported in the North Atlantic and Pa-
cific Ocean, respectively (Brewer et al., 1980; 
Harada and Tsunogai, 1986). They were found to 
be 0.45 in Santa Barbara Basin (162-377 m depth, 
Moore et al., 1981) and 0.2-1.4 with in Santa 
Monica Basin (100-850 m; Huh et al., 1990), 
where the particle concentrations and fluxes are 
significantly higher.  
The sinking fluxes of particulate 210Po and 
210Pb at 1500 m depth varied between 8.2 and 
14.8 dpm m-2 d-1 (mean: 10.6 ± 3.0 dpm m-2 d-1) 
and 0.7 and 49.2 dpm m-2 d-1 (mean: 13.2± 13.7 
dpm m-2 d-1), respectively (Fig. 4, Appendix-II). 
The 210Po flux varied by less than a factor of 2; 
however, 210Pb activity varied by an order of 
magnitude during the deployment period of 
May–December 1999. Lower variability of 210Po 
is attributed to remineralization. The sinking flux 
of 210Po at 1500m was higher than that at 500m 
by a factor ~2. The 210Pb flux was generally low-
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er in May through July and higher from Septem-
ber through December. The 210Po/210Pb AR of the 
trap material at 1500 m depth varied from 0.3 to 
14.8, with a mean value of 3.4 (Appendix-II). 
The 210Po/210Pb ARs of less than unity (0.8-1.0) 
was also found at 1000 m and 2000 m depths in 
the East Sea (Sea of Japan), a marginal sea, dur-
ing spring when terrestrial particulate matter in-
put is large (Hong et al., 2008). There was a sig-
nificant correlation between Al and 210Pb flux at 
1500 m (R=0.66, P>0.05), but there was no cor-
relation between Al and Po. There was no signif-
icant correlation between POC and 210Po or 210Pb 
in the 1500 m trap samples (Fig.5 c and d), prob-
ably due to sudden change in particle composi-
tion (e.g., increase in carbonate and aluminum 
(terrigenous) containing particles) and changes in 
the nature of POC.  !
!
!
!(a)! (b)!
!
!
(c)! !
 
Figure 2. Activity ratios of 210Po/210Pb in the total (a), dissolved (b), and particulate phases(c) in the water column. The sub-
scripts of t, d, and p denote total, dissolved and particulate phases of both 210Po and 210Pb, respectively. The counting errors 
were less than 10% and are not included in the size of the symbol.  
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(c)  !
Figure 3. Temporal variation of settling fluxes of particulate 210Pb (a), 210Po (b), and their activity ratio (210Po/210Pb) in sedi-
ment traps at 500, 1500, and 3200 m depths from May 1999-May 2000. X-axis is date expressed as yyyy-mm-dd. 
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Figure 4. Average settling fluxes of particulate 210Po, 210Pb,bulk mass, Al, CaCO3 and organic carbon at 500, 1500, and 3200 
m depths from May 1999 to May 2000. 
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(g)! (h)!
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Figure 5. Association of particulate 210Po and 210Pb to the major carrier phases of the settling particulate matter, bulk mass (a, 
b), particulate organic carbon (POC) (c,d), and calcium carbonate (CaCO3) (e, f), particulate Al (g, h), and biogenic silica 
fluxes (i, j) for the entire depth samples. 
 
 
Table 2. Average chemical composition of settling particles for the period May 1999-May 2000.  
 Depth!(m)! Mass!flux!mg!mB2!dB1! Lithogenic!material!(%)! Biogenic!material! 210Po!(dpm/mg)! 210Pb!(dpm/mg)!Organic!matBter!(%)! CaCO3!(%)! Opal!(%)!500! 25.8±19.9!(N=24)! 5.5±!4.7!(N=24)! 29.7±!15.2!(N=24)! 46.9±!18.6!(N=24)! 19.9±!22.5!(N=24)! 0.27±!0.18!(N=20)! 0.54±!0.40!(N=15)!1500! 41.2±!15.3!(N=24)! 12.5±!5.0!(N=24)! 15.4±!3.8!(N=24)! 61.3±!6.7!(N=24)! 10.8±!7.9!(N=24)! 0.28±!0.10!(N=15)! 0.38±!0.33!(N=13)!3200! 41.7±!20.9!(N=24)! 18.8!±9.0!(N=24)! 11.2!±!1.5!(N=24)! 57.6±!5.3!(N=24)! 12.3±!7.6!(N=24)! 0.40±!0.19!(N=15)! 1.02±!0.42!(N=10)!
 
N= number of samples. 
 
 
The average activities of 210Po and 210Pb in 
sinking particulate matter at 3200 m was 399 ± 
185 and 1017± 418 dpm g-1, respectively. These 
values can be compared to 327 to 980 dpm 210Po 
g-1 and 131 to 391 210Pb g-1, with a factor of 3 in-
ter-annual variation at one site (32o05’N, 
64o15’W) reported by Bacon et al. (1985). The 
sinking fluxes of particulate 210Po and 210Pb var-
ied between 1.4 and 32.6 dpm m-2 d-1(mean: 
15.3± 8.9 dpm m-2 d-1) and 14.4 and 53.0 dpm m-2 
d-1 (mean:28.5± 10.8 dpm m-2 d-1), respectively 
(Fig. 4). Sinking fluxes of particulate 210Po and 
210Pb from an earlier study were reported to be 
31.0± 12.0 and 12.2 ± 3.7 dpm m-2 d-1, respec-
tively (Bacon et al., 1985). Our data reported in 
this study falls in the lower end for 210Po, howev-
er, it is larger as much as a factor of three com-
pared to that in 1980-81 period (Bacon et al., 
1985), due to probably lateral transport of inor-
ganic particles. The flux measurement reported 
here are consistent with the range observed in the 
atmospheric input of 210Pb at Bermuda of 11.2-
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18.9 dpm m-2 d-1, which depends upon the varia-
tion of rainfall and origin of air masses descend-
ing to Bermuda Island (Turekian et al., 1983; 
Kim et al., 1999; Cochran et al., 1990). Our val-
ues can also be compared to other published val-
ues from deep water traps in this region. The set-
tling fluxes of 210Po and 210Pb were reported to be 
2.19 210Po dpm m-2 d-1 and 1.64 210Pb dpm m-2 d-1 
at 1000 m, and 18.63 210Po dpm m-2 d-1 and 10.1 
210Pb dpm m-2 d-1 at 4000 m, respectively, in 
PARFLUX S site (Brewer et al., 1980). The 
210Po/210Pb AR of 2.5± 0.3 in 1978-81 periods 
(Bacon et al., 1985) was significantly higher than 
0.5± 0.5 reported in this 1999-2000 study period. 
A similar depletion of 210Po with respect to 210Pb 
in the water column in the same region was re-
ported by Kim (2001). There is a significant cor-
relation between 210Po flux and mass flux 
(R=0.87, P>0.001) and 210Po flux and POC flux 
(R=0.86, P>0.001). 
3.3 Residence Time of 210Po and 210Pb: 
Using a simple box model, the scavenging resi-
dence times of 210Po (τPo) with respect to removal 
onto suspended particulate matter for the upper 
400 m may be calculated using the equation (1) 
given below. This calculation assumes that there 
is no significant net advection and diffusion flux-
es on time scales (months) comparable to the 
mean-life of 210Po. The scavenging residence 
time of 210Po is calculated as follows: 
 
τPo = [IAR/(1-IAR)] x τ    (1) 
 
where IAR is the 210Po/210Pb activity ratio in the 
upper 400 m and τ is the mean-life of 210Po (199 
days). The calculated residence times varied be-
tween 67 and 118 days for dissolved phase and 
106 to 250 days for total (=dissolved and particu-
late), with the longest residence time in March 
and shortest residence time in September. This 
implies rapid net removal in September and less 
in March to deeper waters. This is consistent 
with the reportedly preferred partitioning during 
late summer by N fixing cyano-bacteria (Kim 
and Church, 2001). This calculation also assumes 
that the particle composition has remained con-
stant throughout the seasons and its variation did 
not play any major role on the removal of parti-
cle-reactive radionuclides. However different 
magnitude of bulk particle flux and seasonal 
fluxes of biogenic particles (silica, carbonate, 
and sulfate) indeed do play a role in their resi-
dence time (described below). 
3.4 Partitioning of 210Po and 210Pb: 
The fractionation factor (FPo/Pb) is defined as the 
ratio of the distribution coefficient (Kd) of 210Po 
(KdPo) to that of 210Pb (KdPb). 
 !!!" = [!"!!"!]/!!    (2) 
 !!!" = (!"!!"!)/!!    (3) 
 !!"/!" = !!!"!!!" = !"!!"![!"!!"!]     (4) 
 
where Cp is the concentration of suspended par-
ticulate matter (µg/L), Pod and Pbd are the con-
centrations of dissolved 210Po and 210Pb, respec-
tively and Pop and Pbp are the concentrations of 
particulate 210Po and 210Pb, respectively. The frac-
tionation factors varied between 0.20 and 82 in 
the 26 samples for which both 210Po and 210Pb 
data are available (Appendix-A; the negative 
values are omitted). The rather large variability 
may stem from the high variability in particle 
composition, such as organic matter, calcium 
carbonate, opal and lithogenic matter. In only 5 
out of 26 samples, the FPo/Pb< 1 (at 200m, 300m, 
400m in Sept., 2000; 400m in May 2000 and 
120m in Jan. 2000, Appendix-A), indicating 
higher affinity of 210Pb compared to 210Po, again 
indicating stronger Po enrichment to particulate 
matter in most of the samples compared to 210Pb. 
The FPo/Pb for the integrated depth of 400 m water 
column can be calculated as follows: 
 
FPo/Pb = [(ItPo – IdPo)/(ItPb – IdPb)] * (IdPb/IdPo) (5) 
 
Where ItPo, IdPo, ItPb and IdPb are the inventories of 
total 210Po, dissolved 210Po, total 210Pb and dis-
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solved 210Pb, respectively. The FPo/Pb values for 
the upper 400 m varied between 1.5 and 5.5, in-
dicating overall enrichment of Po onto particu-
late matter.  This preferential sorption of Po 
compared to Pb implies that the Kd of Po > Kd of 
Pb. However, the particulate enrichment of Po 
can be from its assimilation or metabolized like 
other O-S group elements in organisms, versus 
that of Pb which is primarily by physiochemical 
surface adsorption.   
3.5. Relationship between 210Po and 210Pb re-
moval rates and major carrier phases: 
The fluxes of particulate Al and carbonates at 
1500m were greater as much as four and two 
times than at 500m, while organic carbon flux 
was only ~ 10% (1500 m) and 30 % (3200 m) as 
that of at 500 m (Fig. 4, Table 2). Polonium-210 
and 210Pb will likely have differential affinities 
for specific carrier phases such as organic mate-
rial, calcium carbonate, and opal or lithogenic 
facies. Thus, variability in 210Po and 210Pb fluxes 
and activity ratios may possibly be related to 
compositional variability. We estimated the lith-
ogenic mass from particulate Al, assuming an 
average crustal Al content of 84,000 ppm for 
lithogenic material (Taylor and McLennan, 
1985), and the mass of biogenic silica by differ-
ence (i.e. subtracting lithogenic, organic carbon, 
calcium carbonate components from the total 
mass). The estimated opal/CaCO3 ratio at 3200 m 
depth over this period is 0.21, and is comparable 
to the overall mean (0.25) reported for the period 
of 1978-1984 (Conte et al., 2001).  
The significant increase in the flux of litho-
genic material with depth supports the conclu-
sion that the deep water column at this site is a 
substantial sink for advected lithogenic material 
(Huang and Conte 2009). As suggested by 
Huang and Conte (2009), a likely source of the 
deep-water scavenged lithogenic component is 
continental slope sediments that have been ad-
vected by the Gulf Stream into eastern North At-
lantic gyre. McCave et al. (2001) found signifi-
cant variations in trace metal concentrations in 
intermediate depth waters in the northeastern At-
lantic indicating intermittent detachment and lat-
eral advection of nepheloid layers into mid-
waters. Detailed mineralogical and chemical 
analyses of suspended particles profiles across a 
Gulf Stream-Bermuda transect could provide rel-
evant data to test the hypothesis that the lateral 
advection and deep water scavenging of litho-
genic material sourced from continental margin 
sediments contributes a significant contribution 
of the deep particle flux in the northern Sargasso 
Sea. 
3.6. Possible lateral sources of 210Pb to the 
OFP area: 
We compare our 210Pb fluxes (9.99 dpm cm-2 d-1 
at 500m; 13.2 dpm cm-2 d-1 at 1500m; and 28.5 
dpm cm-2 d-1 at 3200m) with two adjoining sites: 
i) another OFP site (31040’N, 64010’W) in Nares 
Abyssal Plain which is northwest of our sam-
pling station; and ii) in the south, the Hatteras 
Abyssal Plain (32 °48.6"N, 70°44.6'W) (Cochran 
et al., 1990). Cochran et al. observed that the 
mean flux of 210Pb increased from 6.0 to14.0 dpm 
m-2 d-1 between the 1436 and 4832 m traps at 
Nares station. This was attributed to the contin-
ued uptake of 210Pb on to small particles as they 
are transferred through the water column by 
packaging into large particles and subsequent 
disintegration of the large particles back into 
small particles at different depths. Bacon et al. 
(1985) previously reported 9.6 dpm m-2 d-1 at 
3200 m depth south of the current site (32°05'N, 
64 ° 15'W), which is much less than the current 
observation of 28.5 dpm m-2 d-1(Fig. 8). Using 
the published total 210Pb concentration at the 
Nares and Hatteras sampling stations (Cochran et 
al, 1990), and our sediment trap measurements 
yield 210Pb residence time of 29-32 years in the 
upper 3200 m water column and it falls within 
the reported values for the North Atlantic (Bacon 
et al., 1976).  
It was observed that the sinking flux of 210Pb 
measured using sediment trap and 210Pb invento-
ries in the bottom sediments are not sufficient to 
balance the atmospheric input and in situ produc-
tion in the water column. About 50% of the 210Pb 
scavenged from the water column at the Nares 
and Hatteras Abyssal Plains is not sink to the 
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ocean floor locally but is transported out of the 
area to sink elsewhere in the north due to bound-
ary scavenging (Bacon et al., 1976). They esti-
mated that the scavenging efficiency of 210Pb in 
the water column is relatively low (< 50%) in the 
south of about 45 ° N and high (> 50%) in the 
north of 50 °N in the North Atlantic. The fluxes 
of particulate 210Pb in sediment trap at 3200m is 
about three times as that of 500 m and more than 
twice as that of 1500m trap (Fig. 4). Although 
the mass flux at 1500m and 3200m remain the 
same (Fig. 4), higher flux of 210Pb is likely due to 
lateral inputs. One can estimate spatial scale due 
to lateral eddy diffusion transport of 210Pb using 
the relationship between the time scale of diffu-
sion (t), the scale length (Δx) and eddy diffusion 
coefficient (DE ~ 105 cm2/s),  
 
Δx = √(DE · τE). 
 
Over the mean life of 210Pb of 32.2 yrs, the 
length scale is ~100 km. Thus, substantial 
amount of material can be laterally transported to 
the sampling site. 
 
4.  CONCLUSIONS 
Based on the data presented, we draw the follow-
ing conclusions: i) there is disequilibrium be-
tween dissolved210Po and 210Pb throughout the 
upper 600 m water column, indicating preferen-
tial scavenging of 210Po on monthly time scales; ii) 
residence times of 210Po in the upper 400 m depth 
varied seasonally between 67 and118 days for 
the dissolved phase, which we attribute to differ-
ences in the biological cycling; iii) the fractiona-
tion factor of Po versus Pb (FPo/Pb) integrated over 
600 m depth varied between 1.5 and 10.5, again 
indicating preferential biological sorption of Po 
over Pb in the upper 600 m water; iv) Fluxes of 
both 210Po and 210Pb increased with depth and the 
210Po/210Pb AR deceased also with depth, alt-
hough the fluxes and 210Po/210Pb AR were similar 
between 1500 m and 3200 m depths; v) the 
210Po/210Pb AR in the deep particle flux at 3200 m 
depth was generally < 1.0. This depletion can be 
attributed to scavenging by terrigenous suspend-
ed particulate matter that is depleted in 210Po; vi) 
We did not find any correlation between Al and 
210Po in any of the depths, but we found signifi-
cant correlation between 210Pb and Al as well as 
210Po and POC; vii) Our measurements of fluxes 
of particulate 210Po and 210Pb at 1500 and 3200 m 
depths appear to be lower in 210Po and higher in 
210Pb fluxes at 3200 m depths than the previously 
reported and could be attributed to variations in 
the amount of lithogenic and biogenic particulate 
matter over time; and viii) From the measured 
fluxes of 210Po and 210Pb at 500 m, 1500 m, and 
3200 m traps, it appears that this region is a sink 
for lithogenic elements and they are likely 
brought by lateral advection.  
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Appendix-I: Concentrations of POC, filtered (f) and unfiltered (uf) 210Po and 210Pb and percentages of particulate* 210Po and 
210Pb in the upper 600m 
 
Depth (m) POC 
(μM) 
210Pof 
(dpm/100L) 
210Pouf 
(dpm/100L) 
210Pop 
(%) 
210Pbf 
(dpm/100L) 
210Pbuf 
(dpm/100L) 
210Pbp 
(%) 
September  1999-16       
2 2.58 8.12±0.34 15.4±0.6 47.2 NM NM - 
20 2.62 7.05±0.32 14.1±0.6 50.1 NM NM - 
50 2.50 9.60±0.40 18.7±0.7 48.6 NM NM - 
100 NM 8.70±0.39 10.1±0.5 14.2 NM NM - 
150 2.21 6.34±0.26 8.99±0.35 29.5 19.4±0.9 27.5±1.3 29.4 
200 1.82 8.12±0.37 8.61±0.37 5.7 NM NM - 
300 1.38 6.66±0.25 9.79±0.37 32.0 23.5±1.1 22.1±1.3 - 
400 1.48 8.68±0.35 12.2±0.5 28.8 NM NM - 
December  1999-17       
2 2.16 12.0±0.4 17.4±0.7 31.0 NM NM - 
20 2.00 12.1±0.4 17.8±0.6 32.3 NM NM - 
50 2.19 12.2±0.4 17.9±0.7 31.7 NM NM - 
100 NM 12.4±0.5 18.5±0.7 32.7 NM NM - 
120 NM 3.84±0.16 8.88±0.48 56.7 32.5±1.7 NM - 
200 0.90 7.83±0.39 9.28±0.46 15.6 26.6±1.3 28.9±1.6 7.9 
300 1.00(m) 11.5±0.6 12.4±0.6 6.9 27.7±1.5 28.3±1.2 2.2 
400 1.09 8.54±0.38 12.4±0.7 30.8 - 23.9±1.1 - 
January  2000-18       
2 2.08 7.74±0.50 11.3±0.5 31.4 18.5±1.0 17.4±0.8 -6.4 
20 2.48 7.52±0.44 12.4±0.6 39.6 18.6±0.8 20.1±0.9 7.5 
50 2.23 6.76±0.39 11.3±0.0.6 40.3 18.0±0.7 23.9±1.2 24.7 
100  NM 6.88±0.46 10.0±00.4 31.3 17.8±0.7 17.8±0.8 -0.1 
120 NM 6.01±0.37 6.36±0.36 5.6 16.0±0.7 19.8±0.8 19.0 
200 0.67 6.17±0.31 6.54±0.30 5.6 16.4±0.9 16.6±0.8 1.2 
300 0.76 5.85±0.42 8.08±0.35 27.6 14.3±0.6 15.6±0.7 8.0 
400 0.73 6.12±0.34 8.10±0.38 24.4 15.3±0.7 14.9±0.6 -2.5 
March  2000-19       
2 1.91 7.20±0.38 12.9±0.6 44.3 - 18.2±0.8 - 
50 NM 7.25±0.55 12.0±0.5 39.4 19.0±0.9 19.9±0.9 4.5 
100 NM 6.96±0.39 11.5±0.6 39.4 16.4±0.7 20.1±0.8 18.2 
200  NM 7.08±0.34 9.94±0.49 28.8 16.3±0.7 19.7±1.1 17.4 
300 NM 5.55±0.34 7.56±0.46 26.6 17.9±0.9 16.8±1.0 -6.4 
400 NM 5.57±0.28 8.04±0.56 30.7 14.5±0.6 16.5±0.8 11.9 
500 NM 5.29±0.29 8.49±0.50 37.7 16.0±0.7 15.3±0.6 -5.0 
600 NM 6.09±0.50 7.40±0.56 17.7 14.0±0.5 15.1±0.6 7.3 
May  2000-20       
2 2.22 4.29±0.20 9.20±0.35 53 16.1±0.8 19.3±0.8 16.5 
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25 2.18 5.01±0.26 8.21±0.45 39 16.2±0.6 18.9±0.7 14.4 
50 4.10 6.04±0.25 8.98±0.35 33 17.4±0.7 18.5±0.8 6.0 
75 NM 5.12±0.24 7.40±0.32 31 15.9±0.7 19.1±0.8 16.5 
100 NM 4.44±0.20 6.36±0.25 30 16.7±0.7 20.0±0.7 16.5 
200 1.56 4.80±0.22 5.39±0.23 11 18.1±0.7 18.3±0.7 1.1 
300 1.01 4.56±0.18 5.89±0.23 23 16.4±0.6 19.0±0.7 13.7 
400 1.20 6.16±0.26 6.89±0.27 11 14.8±0.7 17.9±0.7 17.4 
September  2000–21       
2 NM 7.92±0.37 11.81±0.49 33 30.7±1.2 32.3±1.3 4.8 
20 NM 7.60±0.37 5.08±0.26 - 30.9±1.2 30.8±1.2 - 
60 NM 3.99±0.17 10.65±0.40 63 22.5±0.8 23.6±0.9 4.7 
120 NM 5.19±0.25 11.17±0.45 54 21.3±0.8 24.4±1.1 12.6 
200 NM 5.90±0.24 6.30±0.25 6.3 20.8±1.1 20.9±0.9 0.8 
300 NM 5.71±0.26 6.02±0.26 5.1 20.0±0.8 21.0±1.0 5.0 
400 NM 6.61±0.27 8.34±0.34 21 19.9±1.0 21.2±0.9 6.2 
600 NM 5.42±0.26 9.26±0.45 42 17.7±0.8 20.3±0.9 12.6 
 
*: particulate 210Po or 210Pb activity = (unfiltered – filtered) activity of 210Po or 210Pb  
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Appendix-II: Settling fluxes of 210Po and 210Pb, Al, organic carbon and carbonate. 
 
Depth 500 m 
Trap sampling 
dates 
Flux (m-2d-1) 
Mass Al Org C CaCO3 210Po 210Pb 
(mm/dd/yy) (mg) (mg) (mg (mg ) (dpm) (dpm) 
5/28- 6/12 1999 10.40 38 1.13 4.3 1.35  ± 0.007 9.07  ± 0.06 
6/12-271999 29.21 73 5.88 10.5 5.98  ± 0.009 22.7  ± 0.1 
6/27-7/121999 23.07 48 3.25 10.7 3.33  ± 0.008 13.6  ± 0.1 
7/12-271999 22.31 87 3.31 10.6 4.76  ± 0.014 8.67  ± 0.03 
7/27-8/101999+ 30.26 96 9.41 Nd 21.0  ± 0.05 19.9  ± 0.1 
8/10-241999 12.11 57 1.43 2.62 4.61  ± 0.01 8.91  ± 0.05 
8/24-9/8/1999 20.59 67 2.85 8.29 11.68  ± 0.02 35.3  ± 0.2 
9/8-231999+ 11.79 16 Nd Nd 7.58  ± 0.02 5.98  ± 0.03 
9/26-10/101999 
 
23.37 80 3.53 12.9 3.42  ± 0.01 5.26  ± 0.02 
10/10-25199 15.28 58 2.42 8.90 3.55  ± 0.01 5.82  ± 0.03 
10/25-11/101999 8.24 52 1.79 2.60 1.59  ± 0.01 0.70  ± 0.02 
11/10-251999 7.36 146 0.84 3.74 3.32  ± 0.01 3.72  ± 0.06 
11/25-
12/101999+ 7.17 2 1.12 Nd 0.95  ± 0.01 1.20  ± 0.03 
12/10-251999+ 11.39 50 3.49 Nd 1.90  ± 0.01 3.06  ± 0.03 
12/25/1999-
1/8/2000 23.65 77 1.99 10.6 4.14  ± 0.01 5.96  ± 0.02 
1/10-25 2000 18.56 180 1.55 11.0 ND ND 
1/25-2/92000 54.37 194 5.09 36.3 ND ND 
2/9-232000 73.50 279 6.36 45.7 ND ND 
2/23-3/92000 57.89 432 5.21 39.4 ND ND 
3/9-23 2000 71.68 202 6.73 49.7 11.9   0.1 ND 
3/23-4/6 2000 42.26 40 4.85 27.1 4.92   0.01 ND 
4/6-202000 26.37 87 2.53 15.4 4.63   0.02 ND 
4/20-5/32000 8.83 77 0.73 6.10 1.20   0.02 ND 
5/3-172000 11.67 57 1.70 5.60 2.47   0.03 ND 
  1500m          
5/28- 6/12 1999 52.04 446 3.00 23.2 8.34 ± 0.21 1.91  ± 0.09 
6/12-271999 73.02 536 4.32 38.3 13.3 ± 0.4 1.34  ± 0.05 
6/27-7/121999 58.47 351 3.60 35.3 8.20 ± 0.22 1.47  ± 0.06 
7/12-271999 63.77 366 5.85 35.8 11.0 ± 0.3 0.74  ± 0.04 
7/27-8/101999 29.90 402 2.98 17.2 4.91 ± 0.17 1.10  ± 0.04 
8/10-241999 36.07 309 3.09 20.0 14.8 ± 0.2              ND         
8/24-9/8/1999 30.47 343 2.37 17.4 9.00 ± 0.13 9.14  ± 0.53 
9/8-231999 29.14 559 2.69 13.7 11.5 ± 0.15  
9/26-10/101999 18.55 179 1.27 10.8 6.63 ± 0.07 13.5  ± 0.1 
10/10-25199 31.45 480 1.74 20.7 8.97 ± 0.17 16.0  ± 0.1 
10/25-11/101999 36.85 755 1.89 25.1 13.6 ± 0.2 13.4  ± 0.1 
11/10-251999 30.27 398 1.53 19.8 10.3 ± 0.1 20.1  ± 0.1 
11/25-12/101999 52.14 667 2.57 33.4 14.2 ± 0.2 49.2  ± 1.9 
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12/10-251999 29.66 488 1.65 19.0 9.96 ± 0.15 17.4  ± 1.1 
12/25/1999-
1/8/2000 39.74 485 2.24 23.8 14.4 ± 0.2 25.9  ± 1.2 
1/10-25 2000 15.01 167 0.97 9.58 ND ND 
1/25-2/92000 33.18 338 2.61 21.1 ND ND 
2/9-232000 59.58 391 4.71 37.9 ND ND 
2/23-3/92000 58.64 386 5.91 40.8 ND ND 
3/9-23 2000 54.46 301 5.61 36.5 ND ND 
3/23-4/6 2000 57.93 312 3.48 38.1 ND ND 
4/6-202000 36.75 289 2.35 24.3 ND ND 
4/20-5/32000 31.81 312 1.90 21.6 ND ND 
5/3-172000 32.79 320 1.77 22.5 ND ND 
       
    3200 m   
 Mass Al Org C CaCO3 210Po 210Pb 
(mm/dd/yy) (mg) (mg) (mg C) (mg) (dpm) (dpm) 
5/28- 6/12 1999 31.08 727 1.62 17.9 12.4 ± 0.2 ND 
6/12-271999 74.65 1015 3.39 37.3 27.2 ± 0.5 ND 
6/27-7/121999 59.01 1027 3.25 32.2 27.4 ± 0.4 14.4 ± 1.0 
7/12-271999 98.17 657 4.81 56.8 32.6 ± 0.5 ND 
7/27-8/101999 54.68 987 3.19 31.5 23.5 ± 0.3 ND 
8/10-241999 23.97 776 1.64 11.6 1.37 ± 0.04 31.9 ± 1.6 
8/24-9/8/1999 18.12 282 0.98 9.8 17.0 ± 0.2 ND 
9/8-231999 48.08 614 2.34 25.1 13.1 ± 0.2 18.7 ± 0.6 
9/26-10/101999 15.28 234 0.76 7.5 5.15 ± 0.11 19.1 ± 1.0 
10/10-25199 34.20 611 1.56 20.2 13.4 ± 0.3 28.7 ± 1.1 
10/25-11/101999 26.76 560 1.20 16.8 6.03 ± 0.07 26.1 ± 1.1 
11/10-251999 25.66 705 1.15 15.3 10.5 ± 0.2 34.5 ± 1.4 
11/25-12/101999 35.01 716 1.52 21.2 14.8 ± 0.1 53.0 ± 2.2 
12/10-251999 24.84 709 1.22 13.0 12.4 ± 0.1 26.6 ± 1.3 
12/25/1999-
1/8/2000 26.64 645 1.32 13.3 12.1 ± 0.1 32.3 ± 1.4 
1/10-25 2000 15.47 260 0.88 8.52 ND ND 
1/25-2/92000 29.20 277 1.59 17.6 ND ND 
2/9-232000 71.40 447 4.66 44.6 ND ND 
2/23-3/92000 46.28 379 2.39 29.6 ND ND 
3/9-23 2000 59.92 437 3.45 38.4 ND ND 
3/23-4/6 2000 61.15 425 3.29 39.7 ND ND 
4/6-202000 44.15 327 1.90 28.2 ND ND 
4/20-5/32000 37.93 398 1.60 22.8 ND ND 
5/3-172000 39.90 442 1.70 25.3 ND ND 
 
ND: no data 
+: Samples that had a few fish fragments. 
 
 
 
